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Title of the Invention] 

CATALYST FOR CLEANING WASTE GAS OF INTERNAL COMBUSTION 
ENGINE 

[Abstract] 
[Subj ect] 

There is provided a catalyst for cleaning waste gas of 
internal combustion engine excellent in cleaning conformity 
for waste gas atmosphere which is greatly fluctuated in 
accordance with the changes of operational situation of an 
engine such as idling, acceleration, constant speed and 
reduced speed in internal combustion engines such as an 
automobile car. 
[Means for Solution] 

A catalyst for cleaning waste gas of internal combustion 
engine characterized in containing rhodium, palladium and 
cerium compounds and a flame resistive inorganic oxide as 
catalyst components and comprising at least 2 layers of a 
catalyst layer containing a cerium compound and a catalyst 
layer containing palladium. 
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[Claims] 
[Claim 1] 

A catalyst for cleaning waste gas of internal combustion 
engine characterized in containing rhodium, palladium and a 
cerium compound and a flame resistive inorganic oxide as 
catalyst components and comprising at least 2 layers of a 
catalyst layer containing a cerium compound and a catalyst 
layer containing palladium. 
[Claim 2] 

A catalyst for cleaning waste gas of internal combustion 
engine according to Claim 1, wherein the catalyst layer 
containing a cerium compound contains rhodium. 
[Claim 3] 

A catalyst for cleaning waste gas of internal combustion 
engine according to Claim 1 or 2, wherein the catalyst 
layer containing palladium does not substantially contain 
rhodium . 

[Claim 4] 

A catalyst for cleaning waste gas of internal combustion 
engine according to Claims 1 to 3, wherein the catalyst 
layer containing a cerium compound does not substantially 
contain palladium . 
[Claim 5] 

A catalyst for cleaning waste gas of internal combustion 
engine according to Claims 1 to 4, wherein the catalyst 
layer containing palladium does not substantially contain a 
cerium compound. 
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[Claim 6] 

A catalyst for cleaning waste gas of internal combustion 
engine according to Claims 1 to 5, wherein a cerium 
compound and palladium are not substantially contained in 
the same catalyst layer. 
[Claim 7] 

A catalyst for cleaning waste gas of internal combustion 
engine according to Claims 1 to 6, wherein the catalyst 
layer containing a cerium compound is laminated as an outer 
layer and the catalyst layer containing palladium is 
laminated as an inner layer. 
[Claim 8] 

A catalyst for cleaning waste gas of internal combustion 
engine according to Claims 1 to 7 , containing the platinum 
Group Element excluding rhodium and palladium. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field related to the Invention] 

The present invention relates to a catalyst for cleaning 
waste gas of internal combustion engine which removes 
simultaneously carbon oxide (CO) , hydrocarbons (HC) and 
nitrogen oxides (NOx) which are harmful components 
contained in the waste gas of internal combustion engine. 
[0002] 

[Prior Art] 

In a catalyst for cleaning waste gas of internal 
combustion engine which removes simultaneously CO, HC and 
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NOx which are harmful components contained in waste gas 
from the internal combustion engine of an automobile car 
and the like, the platinum Group Elements such as platinum, 
palladium, rhodium and iridium are generally used as active 
components, and a catalyst system which is composed of 
platinum/ rhodium, platinum/palladium/ rhodium, 
palladium/rhodium and palladium alone prevails widely at 
present. Further, the inventions of improvement such as the 
improvement of heat resistance of the catalyst for cleaning 
waste gas of internal combustion engine which used these 
precious metals have been numerously proposed (JP-A-4 -21940 , 
JP-A-4-284847 , JP- A- 7 - 17 13 92 and the like) . 
[0003] 

On the other hand, the operational situation of an engine 
is frequently changed from idling to acceleration, from 
acceleration to a constant speed, from a constant speed to 
a reduced speed or from a reduced speed to acceleration 
during driving the internal combustion engine of an 
automobile car and the like. In accordance with this, the 
atmosphere of waste gas which is discharged from an 
internal combustion engine is also greatly fluctuated. When 
the ability of cleaning a catalyst in such fluctuating 
reaction field is specifically studied, it cannot be said 
yet that the conventional catalyst for cleaning waste gas 
of internal combustion engine shows adequate cleaning 
ability, and in particular, it cannot be said that it has 
adequate response property with respect to the cleaning 
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ability for NOx . 
[0004] 

[Problems to be Solved by the Invention] 
The present invention is to provide a catalyst for 
cleaning waste gas of internal combustion engine excellent 
in cleaning conformity for waste gas atmosphere which is 
greatly fluctuated in accordance with the changes of 
operational situation of an engine such as idling, 
acceleration, constant speed and reduced speed in internal 
combustion engines such as an automobile car, and in 
particular, a catalyst for cleaning waste gas of internal 
combustion engine excellent in cleaning conformity for NOx. 

[0005] 

[Means for Solving Problems] 

The present inventors have extensively studied a catalyst 
for cleaning waste gas of internal combustion engine, and 
as a result and have found that a catalyst for cleaning 
waste gas of internal combustion engine which has a plural 
number of catalyst layers which are composed of the 
specific combination of the platinum Group Element, a 
cerium compound and a flame resistive inorganic oxide is 
excellent in conformity for the fluctuation of waste gas 
atmosphere, to complete the present invention. 

[0006] 

Namely, the present invention is a catalyst for cleaning 
waste gas of internal combustion engine characterized in 
containing rhodium, palladium and a cerium compound and a 
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flame resistive inorganic oxide as catalyst components and 
comprising at least 2 layers of a catalyst layer containing 
a cerium compound and a catalyst layer containing palladium. 
[0007] 

Further, the present invention is the catalyst for 
cleaning waste gas of internal combustion engine 
characterized in that the catalyst layer containing a 
cerium compound contains rhodium. 

[0008] 

Further, the present invention is the catalyst for 
cleaning waste gas of internal combustion engine 
characterized in that the catalyst layer containing 
palladium does not substantially contain rhodium. 
[0009] 

Furthermore, the present invention is the catalyst for 
cleaning waste gas of internal combustion engine 
characterized in that the catalyst layer containing a 
cerium compound does not substantially contain palladium. 

[0010] 

Further, the present invention is the catalyst for 
cleaning waste gas of internal combustion engine 
characterized in that the catalyst layer containing 
palladium does not substantially contain a cerium compound. 

[0011] 

Further, the present invention is the catalyst for 
cleaning waste gas of internal combustion engine 
characterized in that a cerium compound and palladium are 
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not substantially contained in the same catalyst layer. 
[0012] 

Furthermore, the present invention is the catalyst for 
cleaning waste gas of internal combustion engine, wherein 
the catalyst layer containing a cerium compound is 
laminated as an outer layer and the catalyst layer 
containing palladium is laminated as an inner layer. 
[0013] 

Further, the present invention is the catalyst for 
cleaning waste gas of internal combustion engine, 
containing the platinum Group Element excluding rhodium and 
palladium . 

[0014] 

[Mode of Carrying out the Invention] 

The present invention is specifically illustrated below. 
[0015] 

The catalyst for cleaning waste gas of internal combustion 
engine of the present invention is a catalyst in which 
rhodium, palladium and a cerium compound and a flame 
resistive inorganic oxide are contained as catalyst 
components and at least 2 layers of a catalyst layer 
containing a cerium compound and a catalyst layer 
containing palladium are formed on a flame resistive three 
dimensional structural body. 
[0016] 

As the cerium compound used in the present invention, an 
oxide, a carbonate, a sulfate and the like are mentioned, 
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and an oxide is preferable. The cerium oxide is not 
specifically limited so far as it is obtained by calcining 
a water- insoluble salt or a water-soluble salt. The content 
of said cerium compound is 1 to 100 g per 1 liter of the 
catalyst and preferably 1 to 80 g. When the content of said 
cerium compound is less than 1 g, the performance of the 
catalyst is low and when it exceeds 100 g, an effect 
matching the addition is not obtained and it is not 
advantageous economically . 
[0017] 

The content of palladium in the present invention is 0.1 
to 20 g per 1 liter of the catalyst and preferably 0.1 to 
15 g. When the content of said palladium is less than 0.1 g, 
the performance of the catalyst is low and when it exceeds 
20 g, an effect matching the addition is not obtained and 
it is not advantageous economically. 
[0018] 

It is preferable in the present invention that the 
catalyst layer containing a cerium compound contains 
rhodium. The content of rhodium in the present invention is 
0.01 to 2 g per 1 liter of the catalyst and preferably 0.02 
to 1 g. When the content of said rhodium is less than 0.01 
g, the performance of the catalyst is low and when it 
exceeds 2 g, an effect matching the addition is not 
obtained and it is not advantageous economically. 
[0019] 

It is preferable in the present invention that the 
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catalyst layer containing palladium does not substantially 
contain rhodium. Herein, the word of not substantially 
containing rhodium means that the content of rhodium is 
0.05% by weight or less based on the weight of said 
catalyst layer, preferably 0.025% by weight or less and 
preferably none of rhodium in particular. When the content 
of said rhodium exceeds 0.05% by weight, it is interacted 
with palladium and it is not preferable because the 
performance of the catalyst is bad. 
[0020] 

Further, it is preferable in the present invention that 
the catalyst layer containing a cerium compound does not 
substantially contain palladium. Herein, the word of not 
substantially containing palladium means that the content 
of palladium is 0.1% by weight or less based on the weight 
of said catalyst layer, preferably 0.05% by weight or less 
and preferably none of palladium in particular. When the 
content of said palladium exceeds 0.1% by weight, it is 
interacted with rhodium and it is not preferable because 
the performance of the catalyst is bad. 

[0021] 

Further, it is preferable in the present invention that 
the catalyst layer containing palladium does not 
substantially contain a cerium compound. Herein, the word 
of not substantially containing a cerium compound means 
that the content of the cerium compound is 5% by weight or 
less converted to Ce0 2 , based on the weight of said 
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catalyst layer, preferably 3% by weight or less and 
preferably none of the cerium compound in particular. When 
the content of said cerium compound exceeds 5% by weight, 
it is not preferable because the cleaning conformity for 
NOx is lowered. 
[0022] 

Further, it is preferable in the present invention that 
the catalyst layer containing a cerium compound does not 
substantially contain palladium and the catalyst layer 
containing palladium does not substantially contain the 
cerium compound; namely, a cerium compound and palladium 
are not substantially contained in the same catalyst layer. 

[0023] 

Further, the catalyst for cleaning waste gas of internal 
combustion engine of the present invention is preferably 
formed on a flame resistive three dimensional structural 
body by laminating the aforementioned catalyst layer 
containing a cerium compound as an outer layer and the 
aforementioned catalyst layer containing palladium as an 
inner layer. 

[0024] 

The catalyst for cleaning waste gas of internal combustion 
engine of the present invention may contain the platinum 
Group Element excluding rhodium and palladium. As said 
platinum Group Element excluding rhodium and palladium, 
platinum, iridium and the like are mentioned. The amount of 
said platinum Group Element used is 0.01 to 5 g per 1 liter 
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of the catalyst and preferably 0.01 to 2 g. When the amount 
of said platinum Group Element used is less than 0.01 g, 
the performance of the catalyst is low and when it exceeds 
5 g, an effect matching the addition is not obtained and it 
is not advantageous economically. 
[0025] 

The flame resistive inorganic oxide used in present 
invention includes active alumina such as Y" alum i na / 8~ 
alumina, r|-alumina and 6-alumina; <x-alumina, silica, 
titania, zirconia or complex oxides thereof such as silica- 
alumina, alumina- titania, alumina- zirconia, silica- titani a , 
silica- zirconia and titania-zirconia; or a mixture of these. 
These flame resistive inorganic oxides are usually powder, 
and the Brunauer-Emmett-Teller surface area (hereinafter, 
referred to as BET) is 10 to 400 m 2 /g and preferably 20 to 
300 m 2 /g. The amount of said flame resistive inorganic 
oxide used is 10 to 300 g per 1 liter of the flame 
resistive three dimensional structural body and preferably 
50 to 250 g. When the amount used is less than 10 g/1, the 
adequate performance of the catalyst is not obtained and 
when it exceeds 300 g/1, it is not preferable because back 
pressure is increased. 

[0026] 

As the flame resistive three dimensional structural body 
used in the present invention, a pellet, a monolith type 
career and the like are mentioned, and the monolith type 
career is good. The monolith type career includes a ceramic 
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foam, an open flow type ceramic honeycomb, a wall flow type 
honeycomb monolith, an open flow type metal honeycomb, a 
metal foam, a metal mesh and the like. Among these, an open 
flow type ceramic honeycomb or an open flow type metal 
honeycomb is preferably used. As the open flow type ceramic 
honeycomb career, those using cordierite, mullite, ot- 
alumina, zirconia, titania, titanium phosphate, aluminum 
titanate, betalite, spodumene, alumino silicate, magnesium 
silicate and the like as a material are preferable, and 
among these, cordierite type is preferable in particular. 
As the metal honeycomb career, a career obtained as an 
integral structure using a flame resistive metal having 
oxidation resistance such as a stainless steel and a Fe-Cr- 
Al alloy is preferably used. 
[0027] 

These monolith careers are produced by an extrusion- 
molding process, a process of winging a sheet element and 
the like. The form of its gas-passing orifice (cell shape) 
may be either of a hexagon, a tetragon, a triangle or a 
corrugation shape . 

[0028] 

In the catalyst for cleaning waste gas of internal 
combustion engine of the present invention, an alkaline 
earth metal compound and a rare earth metal oxide may be 
added for enhancing the thermal stability of the flame 
resistive inorganic oxide. There may be added iron, cobalt, 
nickel and the like which show oxygen storing ability; 
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chromium, manganese, niobium, tungsten, zinc, gallium, 
germanium, indium, tin, bismuth or an alkali metal compound 
and the like. 
[0029] 
[EXAMPLES] 

The present invention is more specifically illustrated 
below according to Examples, but the present invention is 
not limited to these Examples. 
[0030] 

[Example 1] 

Pure water was added to 1200 g of active alumina (Y-A1 2 0 3 ; 
a BET surface area of 155 m 2 /g; hereinafter, the same 
alumina is used in all Examples and Comparative Examples) 
and an aqueous solution of palladium nitrate containing 15 
g of palladium and the mixture was pulverized in wet with a 
ball mill to prepare an aqueous slurry. One liter of 
cordierite monolith career which has 400 cells per a 
sectional area of 1 inch square (a long diameter of 148 mm, 
a short diameter of 84 mm and a length of 96mm) was 
immersed in the slurry, it was taken out, then excessive 
slurry in the cells was splashed with compressed air, and 
it was dried and calcined to prepare the inner layer of the 
catalyst layer. 

[0031] 

Then, pure water was added to 800 g of active alumina, 200 
g of commercially available cerium oxide (Ce0 2 ; a BET 
surface area of 149 m 2 /g; hereinafter, the same cerium 
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oxide is used in all Examples and Comparative Examples) and 
an aqueous solution of rhodium nitrate containing 3 g of 
rhodium and the mixture was pulverized in wet with a ball 
mill to prepare an aqueous slurry. One liter of cordierite 
monolith career to which the inner layer of the catalyst 
layer was coated was immersed in the slurry, it was taken 
out, then excessive slurry in the cells was splashed with 
compressed air, and it was dried and calcined to be 
referred to as the outer layer of the catalyst layer and a 
completed catalyst which contains 1.5 g of palladium and 
0.3 g of rhodium per 1 liter of the career was obtained. 
[0032] 

[Example 2] 

Pure water was added to 1140 g of active alumina, 60 g of 
cerium oxide and an aqueous solution of palladium nitrate 
containing 15 g of palladium and the mixture was pulverized 
in wet with a ball mill to prepare aqueous slurry. 
Thereafter, a completed catalyst was obtained by preparing 
the inner layer and the outer layer of the catalyst layer 
in like manner as Example 1. 
[0033] 

[Comparative Example 1] 

Pure water was added to 800 g of active alumina, 400 g of 
cerium oxide and an aqueous solution of palladium nitrate 
containing 15 g of palladium and the mixture was pulverized 
in wet with a ball mill to prepare aqueous slurry. 
Thereafter, a completed catalyst was obtained by preparing 
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the inner layer and the outer layer of the catalyst layer 

in like manner as Example 1. 

[0034] 

[Comparative Example 2] 

Pure water was added to 1100 g of active alumina, 100 g of 
cerium oxide and an aqueous solution of palladium nitrate 
containing 15 g of palladium and the mixture was pulverized 
in wet with a ball mill to prepare aqueous slurry. 
Thereafter, a completed catalyst was obtained by preparing 
the inner layer and the outer layer of the catalyst layer 
in like manner as Example 1. 
[0035] 

[Comparative Example 3] 

Pure water was added to 800 g of active alumina, 400 g of 
cerium oxide and an aqueous solution of dini trodiamino 
platinum containing 15 g of platinum and the mixture was 
pulverized in wet with a ball mill to prepare aqueous 
slurry. Thereafter, a completed catalyst was obtained by 
preparing the inner layer and the outer layer of the 
catalyst layer in like manner as Example 1. 
[0036] 

The compositions of the catalysts shown in Examples and 
Comparative Examples were summarized in Table 1. 
[0037] 
[Table 1] 
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Composition of inner 
layer of catalyst 
layer (g/1) 


Composition of outer 
layer of catalyst 
layer (g/1) 


Precious 
metal 


A1 2 0 3 


Ce0 2 


Precious 
metal 


A1 2 0 3 


Ce0 2 


Example 1 


Pd - 1.5 


120 


0 


Rh = 0.3 


80 


20 


Example 2 


Pd - 1.5 


114 


6 


Rh = 0.3 


80 


20 


Comparative 
Example 1 


Pd - 1.5 


80 


40 


Rh = 0.3 


80 


20 


Comparative 
Example 2 


Pd = 1.5 


110 


10 


Rh = 0 . 3 


80 


20 


Comparative 
Example 3 


Pd = 1.5 


80 


40 


Rh = 0 . 3 


80 


20 



[0038] 

[Catalyst evaluation] 

The performance of catalysts after engine endurance was 
studied using the catalysts of Examples 1 and 2 and 
Comparative Examples 1 to 3 . Endurance tests were carried 
out by installing the catalysts at the vent system of an 
engine and using a commercially available electronic 
control system gasoline engine (8 cylinders, 4400 cc) . The 
engine was operated at a mode driving of a constant driving 
for 60 seconds and a reduced speed for 6 seconds (fuel was 
cut at reduced speed and the catalyst is exposed under a 
severe condition of oxidative atmosphere at high 
temperature) , and the catalysts were endured for 50 hours 
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at a condition in which gas temperature at the inlet of the 
catalysts was 850°C at constant speed driving. Then, the 
comparison of the performance of the catalysts was carried 
out by installing the catalysts at a commercially available 
electronic control system gasoline engine (4 cylinders, 
2000 cc) and carrying out a 10.15 mode which is basis mode 
running in Japan which repeats acceleration and reduced 
speed, constant speed and idling. The results of the 
performance were summarized in Table 2. 

[0039] 

[Table 1] 





CO cleaning 
rate (%) 


HC cleaning 
rate (%) 


NO cleaning 
rate (%) 


Example 1 


84 


83 


82 


Example 2 


84 


82 


79 


Comparative 
Example 1 


80 


78 


71 


Comparative 
Example 2 


81 


79 


74 


Comparative 
Example 3 


80 


75 


75 



[0040] 

As shown in Table 2, the catalysts shown in Comparative 
Examples indicate a problem in NOx cleaning ability in 
particular at running under practical use which accompanies 
acceleration and reduced speed and constant speed, but in 
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the catalyst system in the present Examples, the catalysts 
indicate the extremely excellent NOx cleaning ability and 
further, it is indicated that the cleaning abilities of CO 
and HC are also improved. 
[0041] 

[Effect of the Invention] 

When the catalyst of the present invention is used for an 
internal combustion engine such as an automobile car, it 
exerts excellent cleaning conformity for waste gas 
atmosphere which is greatly fluctuated in accordance with 
the changes of operational situation of an engine such as 
idling, acceleration, constant speed and reduced speed, and 
in particular, is excellent in NOx cleaning conformity; 
therefore it is extremely useful as the catalyst for 
cleaning waste gas of internal combustion engine. 
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